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(57) ABSTRACT

A gas laser apparatus includes a receptacle for enclosing a
laser gas, a laser oscillator that emits a laser beam, a pressure
detecting unit that detects gas pressure inside the receptacle,
an exhausting unit that discharges a gas from the receptacle,
a feeding unit that supplies a laser gas into the receptacle, a
pressure storing unit configured to store the pressure detected
by the pressure detecting unit and retain stored information
even when a power supply is shut off, a comparing unit that
compares pressure inside the receptacle when the gas laser
apparatus has stopped suddenly with pressure inside the
receptacle when the gas laser apparatus is restarted thereafter,
and a determining unit that determines whether or not a gas
should be discharged from the receptacle and whether or not
the laser gas should be supplied into the receptacle based on
the result of the comparison.

7 Claims, 7 Drawing Sheets
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1
GAS LASER APPARATUS CARRYING OUT
IMPROVED STARTUP PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to gas laser apparatuses.

2. Description of the Related Art

Output efficiency of a gas laser apparatus decreases in
accordance with a decrease in the purity of a laser gas
enclosed in a receptacle. Although a receptacle of a gas laser
apparatus is designed so as to be sealed substantially hermeti-
cally, a surrounding atmospheric gas may enter the receptacle
in some cases. Therefore, a laser gas is replaced by discharg-
ing a gas from the receptacle to the outside and by refilling the
receptacle with a laser gas, in order to increase the purity of a
laser gas.

Japanese Laid-open Patent Publication No. 02-65187 dis-
closes a laser gas replacing method in which a laser gas in a
container is replaced periodically. According to this laser gas
replacing method, the laser gas is exhausted from the con-
tainer until the pressure inside the container reaches a prede-
termined pressure, and the exhausting process is terminated
after the exhausting process is continued for a predetermined
period of time.

Japanese Registered Utility Model No. 2561510 discloses
a gas laser apparatus that includes a gas leak detecting device.
The gas leak detecting device is configured to detect a gas leak
during the time when the gas laser apparatus is stopped.
Specifically, the gas leak detecting device disclosed in Japa-
nese Registered Utility Model No. 2561510 stores the pres-
sure of a laser gas prior to the power supply being turned off,
and compares the pressure of a laser gas when the power
supply is turned on again with the stored pressure of the laser
gas. The gas leak detecting device then detects an occurrence
of a gas leak on the basis of the result of the comparison.

With the laser gas replacing method disclosed in Japanese
Laid-open Patent Publication No. 02-65187, however, the
laser gas is replaced at a fixed cycle, and thus the laser gas is
replaced even when the laser gas does not need to be replaced.
Therefore, the amount of consumed laser gas increases, and
the running cost of the gas laser apparatus increases. In addi-
tion, the gas laser apparatus needs to be put on standby until
the replacement of a laser gas is completed, and thus the
startup time of the gas laser apparatus tends to become longer.
Furthermore, with the gas laser apparatus disclosed in Japa-
nese Registered Utility Model No. 2561510, efficiency of the
startup process of the gas laser apparatus is not taken into
consideration.

Accordingly, there is a need for a gas laser apparatus in
which a laser gas can be replaced as necessary, making it
possible to reduce the startup time and to reduce the amount
of consumed laser gas.

SUMMARY OF THE INVENTION

According to a first aspect of the invention of the present
application, a gas laser apparatus comprising: a receptacle in
which a laser gas is enclosed; a laser oscillator configured to
emit a laser beam with a laser gas serving as an excitation
medium; a pressure detecting unit configured to detect pres-
sure of a gas inside the receptacle; an exhausting unit config-
ured to discharge a gas from the receptacle; a feeding unit
configured to supply a laser gas into the receptacle; a pressure
storing unit configured to store the pressure detected by the
pressure detecting unit and retain stored information even
when a power supply is shut off; a comparing unit configured
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to compare pressure of a gas inside the receptacle which is
obtained when the gas laser apparatus has stopped suddenly
and is stored by the pressure storing unit, with pressure of a
gas inside the receptacle which is detected by the pressure
detecting unit and obtained when the gas laser apparatus is
restarted after a sudden stoppage; and a determining unit
configured to determine whether or not a gas should be dis-
charged from the receptacle and whether or not the laser gas
should be supplied into the receptacle based on a result of a
comparison by the comparing unit, is provided.

According to a second aspect of the invention of the present
application, in the gas laser apparatus according to the first
aspect of the invention, the determining unit is configured to
determine how an exhausting process of discharging a gas
from the receptacle is carried out based on the result of a
comparison by the comparing unit.

According to a third aspect of the invention of the present
application, in the gas laser apparatus according to the second
aspect of the invention, the determining unit is configured to
determine at least one of a target pressure value of a laser gas
inside the receptacle in the exhausting process, the number of
exhaust operations to be carried out, and duration of an
exhaust operation.

According to a fourth aspect of the invention of the present
application, in the gas laser apparatus according to any one of
the first to third aspects of the invention, the pressure storing
unitis configured to periodically store pressure of a gas inside
the receptacle.

According to a fifth aspect of the invention of the present
application, the gas laser apparatus according to any one of
the first to third aspects of the invention further comprises a
secondary power supply device configured to supply back-up
electric power to the pressure detecting unit when main elec-
tric power supplied to the gas laser apparatus is shut off,
wherein the pressure detecting unit is configured to detect
pressure of a gas inside the receptacle immediately after the
main electric power is shut off.

According to a sixth aspect of the invention of the present
application, the gas laser apparatus according to the fifth
aspect of the invention further comprises an electric power
drop detector configured to detect a drop in the main electric
power, wherein the electric power drop detector is configured
to detect that the main electric power has been shut off on the
basis of at least one of electric power, an electric current, and
a voltage supplied to the gas laser apparatus.

According to a seventh aspect of the invention of the
present application, in the gas laser apparatus according to the
sixth aspect of the invention, the pressure storing unit is
configured to store pressure of a gas inside the receptacle
detected by the pressure detecting unit immediately after the
electric power drop detector detects that the main electric
power has been shut off.

These and other objects, features, and advantages of the
present invention will become more apparent in light of the
detailed description of exemplary embodiments there as illus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a configuration of a gas laser apparatus
according to a first embodiment.

FIG. 2 is a functional block diagram of a controlling device
of the gas laser apparatus illustrated in FIG. 1.

FIG. 3A is a graph for explaining a startup process of
starting the gas laser apparatus illustrated in FIG. 1.

FIG. 3B is a graph for explaining a startup process of
starting the gas laser apparatus illustrated in FIG. 1.
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FIG. 4 is a flowchart illustrating a flow of the startup
process of starting the gas laser apparatus illustrated in FIG. 1.

FIG. 5 is a flowchart illustrating a flow of a process per-
formed when a gas pressure at the time of a sudden stoppage
is obtained in the gas laser apparatus according to the first
embodiment.

FIG. 6 illustrates a configuration of a gas laser apparatus
according to a second embodiment.

FIG. 7 is a flowchart illustrating a flow of a process per-
formed when a gas pressure at the time of a sudden stoppage
is obtained in the gas laser apparatus according to the second
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings. The
scale of illustrated constituent elements of the embodiments
is modified as necessary for better understanding of the
present invention.

FIG.1 illustrates a configuration of a gas laser apparatus 10
according to a first embodiment. The gas laser apparatus 10 is
a laser oscillator apparatus that generates a laser beam with a
laser gas serving as an excitation medium, such as a gas
containing carbon dioxide as a primary component. A laser
beam generated by the gas laser apparatus 10 is used for
processing a work, as in cutting, boring, welding, and so
forth.

The gas laser apparatus 10 according to the present
embodiment includes a receptacle 12 that is sealed substan-
tially hermetically so that the laser gas is enclosed in its
interior space. As illustrated in FIG. 1, the receptacle 12 forms
a circulation path on which the laser gas can be circulated. A
fan 14 and heat exchangers 16a and 165 are provided on the
circulation path. The fan 14 has a function of circulating the
laser gas inside the receptacle 12. A cooling medium, such as
water, circulates through the heat exchangers 16a and 164.
The heat exchangers 16a and 165 have a function of cooling
the laser gas by exchanging heat between the cooling medium
and the laser gas circulating inside the receptacle 12. In FIG.
1, a moving path of the laser gas is indicated by solid arrows.

The receptacle 12 of the gas laser apparatus 10 is connected
to an exhaust device 20 through an exhaust pipe 18. The
exhaust device 20 includes a negative pressure generator,
such as a vacuum pump, and has a function of discharging a
gas from the receptacle 12 to an external system. In addition,
a feed device 22 is connected to the receptacle 12 through a
feed pipe 24, in order to have a function of supplying a laser
gas contained in a laser gas tank (not illustrated) into the
receptacle 12.

The gas laser apparatus 10 includes an excitation device 26
that excites a laser gas, and a controlling device 30 that
controls the gas laser apparatus 10. The controlling device 30
controls electric power to be applied to the excitation device
26. The controlling device 30 cooperates with a pressure
sensor 40, which will be described below, so as to obtain a
pressure state inside the receptacle 12 and controls the
exhaust device 20 and the feed device 22, depending on the
obtained pressure state. The controlling device 30 has a hard-
ware configuration including a ROM that stores a control
program, a CPU that executes various calculation processes,
a RAM that temporarily stores a result of calculation by the
CPU, a non-volatile storage device, and the like.

The excitation device 26 includes a discharge tube 28 pro-
vided with a pair of electrodes and a laser power supply 32
that supplies electric power to the discharge tube 28. In the
discharge tube 28, an electric discharge occurs between the
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electrodes when high frequency electric power is applied
from the laser power supply 32, to excite the laser gas in the
receptacle 12. Although a single discharge tube 28 is illus-
trated in FIG. 1, a plurality of discharge tubes 28 may be used.
A laser beam generated from the laser gas that has been
excited by the discharge tube 28 is amplified between a rear
mirror 34 and an output mirror 36, which have partial trans-
mittance properties, and then emitted to the outside through
the output mirror 36. The dashed line illustrated inside the
receptacle 12 in FIG. 1 indicates a path of the laser beam to be
emitted through the output mirror 36.

Ithas been known that the output efficiency of a laser beam
depends on the purity of a laser gas. Therefore, the gas laser
apparatus 10 according to the present embodiment includes
the pressure sensor 40 for monitoring the purity of the laser
gas inside the receptacle 12. When a surrounding atmospheric
gas is mixed into the laser gas inside the receptacle 12, for
example, the pressure inside the receptacle 12 increases due
to the pressure of the gas that has entered the receptacle 12.
Therefore, by monitoring the pressure of the gas inside the
receptacle 12, a change in the purity of the laser gas can be
detected indirectly.

FIG. 2 is a functional block diagram of the controlling
device 30 of the gas laser apparatus 10 according to the
present embodiment. The controlling device 30 includes a
pressure detecting unit 50, a pressure storing unit 52, a com-
paring unit 54, a determining unit 56, a feeding unit 58, and an
exhausting unit 60.

The pressure detecting unit 50 has a function of detecting
the pressure of the gas inside the receptacle 12 in cooperation
with the pressure sensor 40 (refer to FIG. 1). A pressure value
obtained by the pressure detecting unit 50 is output to the
pressure storing unit 52 and to the comparing unit 54.

The pressure storing unit 52 has a function of storing the
pressure value obtained by the pressure detecting unit 50 in
cooperation with the non-volatile storage device of the con-
trolling device 30. Therefore, the pressure value stored by the
pressure storing unit 52 is retained even when the electric
power supplied to the gas laser apparatus 10 is shut off. For
example, the non-volatile storage device may include, but is
not limited to, a flash memory or an SRAM having a built-in
battery.

The comparing unit 54 has a function of comparing a
pressure value stored in the pressure storing unit 52 with a
pressure value obtained by the pressure detecting unit 50. The
comparing unit 54, for example, subtracts the pressure value
stored in the pressure storing unit 52 from the pressure value
obtained by the pressure detecting unit 50 and outputs a
pressure difference obtained as a result of the subtraction, to
the determining unit 56.

The determining unit 56 has a function of determining
whether or not the gas should be discharged from the recep-
tacle 12 to the outside and determining whether or not a laser
gas should be supplied into the receptacle 12, depending on
the result of a comparison by the comparing unit 54. The
determining unit 56, for example, compares a pressure dif-
ference calculated by the comparing unit 54 with a predeter-
mined threshold value. When the pressure difference is
greater than the threshold value, the determining unit 56 then
determines that the laser gas needs to be replaced, and an
exhausting process is executed accordingly. On the other
hand, when the pressure difference is less than the threshold
value, the determining unit 56 determines that the laser gas
does not need to be replaced.

The feeding unit 58 has a function of supplying a laser gas
into the receptacle 12 in cooperation with the feed device 22.
In a feeding process, for example, the feeding unit 58 starts
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the feed device 22 to open a feed valve (not illustrated) in
response to a signal from the determining unit 56 of the
controlling device 30.

The exhausting unit 60 has a function of discharging the
gas from the receptacle 12 to the outside in cooperation with
the exhaust device 20. In an exhausting process, for example,
the exhausting unit 60 starts the exhaust device 20 to open an
exhaust valve (not illustrated) in response to a signal from the
determining unit 56 of the controlling device 30.

The determining unit 56 may be configured to determine an
execution mode of the exhausting process in accordance with
the result of a comparison by the comparing unit 54. For
example, the determining unit 56 may be configured to deter-
mine a target pressure value in the exhausting process. In this
case, the exhausting process by the exhaust device 20 is
continued until the pressure inside the receptacle 12 detected
by the pressure sensor 40 reaches the target pressure value.

The determining unit 56 may also be configured to deter-
mine the number of exhaust operations to be carried out in
accordance with the result of a comparison by the comparing
unit 54. The determining unit 56 may also be configured to
determine the duration of an exhaust operation in accordance
with the result of a comparison by the comparing unit 54. In
other words, the exhausting process may be executed con-
tinuously until the predetermined target pressure value is
attained, or the exhausting process may be executed multiple
times for predetermined exhaust duration.

The determining unit 56 may also be configured to select a
certain target pressure value, a certain number of exhaust
operations to be carried out, and certain duration of an exhaust
operation, among a plurality of target pressure values, a plu-
rality of numbers of exhaust operations, and a plurality of
durations of an exhaust operation that are set in advance, in
accordance with the result of a comparison by the comparing
unit 54.

FIG. 3A and FIG. 3B are graphs for explaining a startup
process of starting the gas laser apparatus 10 according to the
present embodiment. The graph illustrated in FIG. 3A corre-
sponds to the case in which the determining unit 56 has
determined that the laser gas needs to be replaced. On the
other hand, the graph illustrated in FIG. 3B corresponds to the
case in which the determining unit 56 has determined that the
laser gas does not need to be replaced. The horizontal axes in
FIG. 3A and FIG. 3B indicate the elapsed time, and the
vertical axes indicate changes in the pressure of the gas inside
the receptacle 12.

In the example illustrated in FIG. 3A, the gas laser appa-
ratus 10 is in a normal operation state at time T0 and is
emitting a laser beam. Therefore, pressure P1 at time T0
indicates the pressure inside the receptacle 12 during laser
emission. Pressure P1, for example, is pressure that is opti-
mum for emitting a laser beam. The gas laser apparatus 10
then stops suddenly at time T1. The sudden stoppage of the
gas laser apparatus 10 may occur due to the power supply
being shut off unexpectedly. The sudden stoppage of the gas
laser apparatus 10 is caused by, for example, power failure or
an operational error.

Time T2 represents a time at which the startup process of
the gas laser apparatus 10 is started after the gas laser appa-
ratus 10 has stopped suddenly. Although the respective
valves, such as the exhaust valve and the feed valve, are
closed while the gas laser apparatus 10 is stopped, an amount
of'a surrounding atmospheric gas that enters the receptacle 12
of'the gas laser apparatus 10 increases gradually, as the time
elapsed from time T1 to time T2, i.e., the duration in which the
gas laser apparatus 10 is stopped, increases. Therefore, as
illustrated in FIG. 3 A, the pressure inside the receptacle 12
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gradually increases over the period from time T1 to time T2,
and the pressure inside the receptacle 12 reaches P2 attime T2
(P2>P1).

As described above, the comparing unit 54 of the control-
ling device 30 calculates a pressure difference (AP=P2-P1)
between the pressure P1 at the time of a sudden stoppage and
the pressure P2 at the time of restart. The determining unit 56
then compares the pressure difference AP obtained by the
comparing unit 54 with a predetermined threshold value.

In the case of the example illustrated in FIG. 3A, the gas
laser apparatus 10 is stopped for along period of time, and the
pressure difference AP exceeds the threshold value. There-
fore, the determining unit 56 determines that the laser gas
needs to be replaced. In the present embodiment, the exhaust-
ing process is executed until the pressure inside the receptacle
12 reaches a predetermined pressure PO (target pressure
value) while the pressure value detected by the pressure sen-
sor 40 is being monitored, i.e., until time T3. In the example
illustrated in FIG. 3 A, the duration of the exhaust operation
determined by the determining unit 56 is longer than the
duration from time T2 to time T3. Therefore, the pressure
inside the receptacle 12 can be reduced to the target pressure
value PO by carrying out an exhausting process once.

After the exhausting process is completed, the feed device
22 is activated, and a laser gas is supplied into the receptacle
12 until the pressure inside the receptacle 12 is restored to
pressure P1 at the time of the sudden stoppage, i.e., until time
T4. Therefore, in this case, the time necessary to enter a state
in which a laser beam can actually be emitted after the startup
process begins corresponds to the time elapsed from time T2
to time T4. The determining unit 56 may also have a function
of determining the duration of a feed operation and the num-
ber of feed operations to be carried out during the feeding
process.

Unlike the example illustrated in FIG. 3A, in the example
illustrated in FIG. 3B, the startup process is started in a
relatively short period of time after the gas laser apparatus 10
has stopped suddenly. In other words, the time elapsed from
time T1 to time T2' at which the startup process is started is
relatively short. Therefore, pressure P2' inside the receptacle
12 attime T2' does not differ significantly from pressure P1 at
the time of the sudden stoppage. Therefore, in this case, the
determining unit 56 of the controlling device 30 determines
that the laser gas does not need to be replaced.

When the laser gas does not need to be replaced, according
to the present embodiment, at least one of the exhausting
process and the feeding process is executed, and the pressure
inside the receptacle 12 is adjusted so as to match pressure P1
at the time of the sudden stoppage. Then, the startup process
is completed at time T4' at which the pressure inside the
receptacle 12 reaches pressure P1 again, and the gas laser
apparatus 10 becomes a state in which a laser beam can be
emitted. Therefore, in this case, the time elapsed from time
T2' to time T4' corresponds to the time necessary for the
startup process. As can be seen from the comparison with the
example illustrated in FIG. 3A, the time necessary for the
startup process can be reduced significantly. In addition, as
compared with the case in which the laser gas is replaced, the
amount of a laser gas discharged from the receptacle 12 can
be reduced to a minimum, and the amount of consumed laser
gas can thus be reduced.

In the case where the time necessary to start the startup
process after sudden stoppage is extremely short and it can be
regarded that pressure P2' at the time of the startup has not
changed from pressure P1 at the time of the sudden stoppage,
an adjusting process of adjusting the pressure inside the
receptacle 12 may as well be omitted.
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FIG. 4 is a flowchart illustrating a flow of the startup
process of starting the gas laser apparatus according to the
first embodiment. The startup process illustrated in FIG. 4 is
executed after the gas laser apparatus 10 has stopped sud-
denly, as described above with reference to FIG. 3A and FIG.
3B. It is to be noted that flows of the respective processes are
described by way of example with reference to flowcharts in
the present specification, and the processes do not need to be
executed in the order illustrated in the flowcharts or in the
order in which the processes are described. Therefore, the
terms such as “next” and “then” is used only for convenience
and is not intended to limit the present invention.

When the power supply to the gas laser apparatus 10 is
restored and the controlling device 30 receives a startup start
signal, the pressure of the gas inside the receptacle 12 held at
that moment is detected by the pressure detecting unit 50 (step
S11). It is preferable that step S11 is executed in the same
state as the state in which the gas laser apparatus 10 stopped
suddenly. For example, step S11 is executed with the fan 14 in
operation.

At step S12, the pressure of the gas inside the receptacle 12
at the time of the sudden stoppage, which has been stored, is
read out from the pressure storing unit 52. Then, a pressure
difference between the pressure at the time of the startup,
which has been obtained at step S11, and the pressure at the
time of the sudden stoppage, which has been read out at step
S12, is calculated by the comparing unit 54 (step S13). The
pressure difference calculated at step S13 is output to the
determining unit 56 for comparison with a predetermined
threshold value at step S14. When it is determined at step S14
that the pressure difference is greater than the threshold value,
i.e., when it is determined that the laser gas needs to be
replaced, the process proceeds to step S15. On the other hand,
when it is determined that the pressure difference is equal to
or less than the threshold value, step S15 is bypassed, and the
process proceeds to step S16.

Atstep S15, as descried above with reference FIG. 3A, the
gas inside the receptacle 12 is discharged to the outside by the
exhaust device 20 until the pressure of the gas inside the
receptacle 12 reaches a predetermined target pressure value
(e.g., pressure P0).

Atstep S16, the amount of the laser gas is adjusted until the
pressure of the gas inside the receptacle 12 reaches the pres-
sure (pressure P1 indicated in FIG. 3A and FIG. 3B) at the
time of the sudden stoppage. The amount of the laser gas is
adjusted by operating the feed device 22 and the exhaust
device 20 as necessary. Once the adjustment of the amount of
the laser gas is completed, the gas laser apparatus 10 becomes
a state in which the laser gas can be excited in the discharge
tube 28, and the startup process is thus completed.

FIG. 5 is a flowchart illustrating a flow of a process per-
formed by the gas laser apparatus 10 according to the first
embodiment, in order to obtain the gas pressure at the time of
the sudden stoppage. The flowchart illustrated in FIG. 5 indi-
cates a process from the beginning of a discharge process to
the end. When the discharge process is started, electric power
is applied to the discharge tube 28 from the laser power supply
32 (step S21). Then, at step S22, the pressure of the gas inside
the receptacle 12 is detected by the pressure detecting unit 50.

The pressure value obtained at step S22 is stored into the
non-volatile storage device of the controlling device 30, such
as an SRAM having a built-in battery (step S23). Therefore,
the pressure value stored at step S23 is retained without being
deleted even when the power supply to the controlling device
30 is shut off.

Then, at step S24, it is determined whether or not a dis-
charge stoppage command has been input. The discharge
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stoppage command is a signal that is input when the use of a
laser beam is completed, for example, when laser machining
is finished. In the case where the discharge stoppage com-
mand has been input, the process then proceeds to step S25, at
which the discharge process is terminated, and the gas laser
apparatus 10 is stopped. On the other hand, when it is deter-
mined at step S24 that the discharge stoppage command is not
input, the process returns to step S22, and steps S22 to S24 are
repeated. Even when the gas laser apparatus 10 stops sud-
denly as the power supply to the controlling device 30 is shut
off or the like while the above-described processes are
repeated, the pressure value stored at step S23 will be retained
without being erased.

In this way, according to the present embodiment, the
pressure of the gas inside the receptacle 12 is detected peri-
odically while the gas laser apparatus 10 operates normally,
and the detected result is stored into the non-volatile storage
device. Then, when the gas laser apparatus 10 is restarted, the
pressure value detected immediately before the gas laser
apparatus 10 has stopped suddenly is used in the comparing
process by the comparing unit 54 as described above.

FIG. 6 illustrates a configuration of a gas laser apparatus 10
according to a second embodiment. The gas laser apparatus
10 according to the present embodiment includes, in addition
to the configuration described above in association with the
first embodiment, a secondary power supply device 70 and an
electric power drop detector 72. The secondary power supply
device 70 has a function of supplying back-up electric power
to the controlling device 30 when a primary power supply (not
illustrated) that supplies main electric power to be used in a
normal operation of the gas laser apparatus 10 is shut off due
to power failure, an operational error, or the like. The second-
ary power supply device 70 is, for example, a power storage
device of any known type.

The electric power drop detector 72 has a function of
detecting a drop in the electric power applied to the gas laser
apparatus 10 and can thus detect that the primary power
supply has been shut off. The electric power drop detector 72
is configured to detect a drop in the main electric power on the
basis of at least one of electric power, electric current, and
voltage supplied from the primary power supply. “On the
basis of at least one of electric power, electric current, and
voltage” should be interpreted to include not only a case in
which a detection value of electric power, electric current, or
voltage is used directly, but also a case in which a given
parameter derived from such a detection value is used.

FIG. 7 is a flowchart illustrating a flow of a process per-
formed when the gas pressure at the time of the sudden
stoppage is obtained in the gas laser apparatus 10 according to
the second embodiment. The flowchart illustrated in FIG. 7
indicates a process from a time when the electric discharge
process is started to a time when the pressure of the gas inside
the receptacle 12 at the time of the sudden stoppage is
detected immediately after the gas laser apparatus 10 is
stopped suddenly. When the electric discharge process is
started, electric power is applied to the discharge tube 28 from
the laser power supply 32 (step S31). Then, at step S32, it is
determined whether or not the electric power drop detector 72
has detected a drop in the electric power supplied to the gas
laser apparatus 10.

When it is determined at step S32 that no drop in the
electric power is detected, the electric discharge process is
continued. On the other hand, if a drop in the electric power is
detected, the process proceeds to step S33, and the gas laser
apparatus 10 is stopped quickly.

Then, at step S34, the secondary power supply device 70 is
activated so as to switch to the secondary power supply, and
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electric power is supplied to the controlling device 30 from
the secondary power supply device 70. Next, at step S35, the
pressure detecting unit 50 of the controlling device 30 detects
the pressure of the gas inside the receptacle 12. The pressure
value obtained at step S35 is stored, as a pressure value at the
time of the sudden stoppage, into the non-volatile storage
device of the controlling device 30 at step S36. The gas
pressure at the time of the sudden stoppage stored at step S36
is used for comparison with the gas pressure at the time of the
startup thereafter in the comparing unit 54.

In this way, according to the present embodiment, by using
the secondary power supply device 70, the pressure of the gas
inside the receptacle 12 is detected immediately after the
sudden stoppage of the gas laser apparatus 10 is caused, and
the obtained detection value is stored into the non-volatile
storage device. Accordingly, the pressure of the gas inside the
receptacle 12 does not need to be detected and stored into the
non-volatile storage device periodically, and thus a process-
ing load of the controlling device 30 can be reduced.

Effect of the Invention

According to a gas laser apparatus having the above-de-
scribed configuration in accordance with the content of the
disclosure of the present application, pressure stored when
the gas laser apparatus stops suddenly is compared with pres-
sure detected when the gas laser apparatus is started thereaf-
ter, and it is determined whether or not a replacing process of
a laser gas is to be executed in accordance with the result of
the comparison. Since the replacing process of the laser gas is
executed as necessary, the startup time of the gas laser appa-
ratus can be reduced. In addition, the amount of consumed
laser gas can be reduced, and the running cost of the gas laser
apparatus can be reduced.

Although the various embodiments and modifications of
the present invention have been described above, it is appar-
ent to a person skilled in the art that functions and effects
intended by the present invention can be obtained through
other embodiments and modifications. In particular, constitu-
ent elements of the embodiments and the modifications
described above can be removed or replaced, or a known
element can further be added thereto, without departing from
the scope of the present invention. In addition, it is apparent to
a person skilled in the art that the present invention can be
implemented by any combination of the features of the
embodiments disclosed implicitly or explicitly in the present
specification.

What is claimed is:

1. A gas laser apparatus comprising:

a receptacle in which a laser gas is enclosed;

a laser oscillator configured to emit a laser beam with a
laser gas serving as an excitation medium;

apressure detecting unit configured to detect pressure of a
gas inside the receptacle;
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an exhausting unit configured to discharge a gas from the
receptacle;
a feeding unit configured to supply a laser gas into the
receptacle;
a pressure storing unit configured to store the pressure
detected by the pressure detecting unit and retain stored
information even when a power supply is shut off;
a comparing unit configured to compare pressure of a gas
inside the receptacle which is obtained when the gas
laser apparatus has stopped suddenly and is stored by the
pressure storing unit, with pressure of a gas inside the
receptacle which is detected by the pressure detecting
unit and obtained when the gas laser apparatus is
restarted after a sudden stoppage; and
a determining unit configured to determine whether or not
a gas should be discharged from the receptacle and
whether or not the laser gas should be supplied into the
receptacle based on a result of a comparison by the
comparing unit.
2.The gas laser apparatus according to claim 1, wherein the
determining unit is configured to determine how an exhaust-
ing process of discharging a gas from the receptacle is carried
out based on the result of a comparison by the comparing unit.

3.The gas laser apparatus according to claim 2, wherein the
determining unit is configured to determine at least one of a
target pressure value of a laser gas inside the receptacle in the
exhausting process, the number of exhaust operations to be
carried out, and duration of an exhaust operation.

4.The gas laser apparatus according to claim 1, wherein the

pressure storing unit is configured to periodically store pres-
sure of a gas inside the receptacle.

5. The gas laser apparatus according to claim 1, further

comprising:

a secondary power supply device configured to supply
back-up electric power to the pressure detecting unit
when main electric power supplied to the gas laser appa-
ratus is shut off,

wherein the pressure detecting unit is configured to detect
pressure of a gas inside the receptacle immediately after
the main electric power is shut off.

6. The gas laser apparatus according to claim 5, further

comprising:

an electric power drop detector configured to detect a drop
in the main electric power,

wherein the electric power drop detector is configured to
detect that the main electric power has been shut off on
the basis of at least one of electric power, an electric
current, and a voltage supplied to the gas laser apparatus.

7.The gas laser apparatus according to claim 6, wherein the

pressure storing unit is configured to store pressure of a gas
inside the receptacle detected by the pressure detecting unit
immediately after the electric power drop detector detects that
the main electric power has been shut off.
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